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We show how to obtain the Maxwell action on the brane through a
Randall-Sundrum dimentional reduction. Also, the self dual and the
topologically massive actions for vectors in three dimensions can be
obtained from Randall-Sundrum dimentional reduction.
In the Randall-Sundrum mechanism[1], gravitons and scalar fields in
D = d + 1 dimensions described by the Einstein-Hilbert and Klein-Gordon
respectively, lead to gravitons and scalar fields localized on a d-dimensional
brane. But, the usual (second order) Maxwell action can not yield pho-
tons trapped on the brane[2]. A solution of this dilemma was achieved in
ref.[3] where the photons localized on the brane in four dimensions come from
two antisymmetric tensors in five dimensions, satisfying a self-dual action[4].
Specifically, Lu and Pope[3] found that the bosonic sector of ungauged N = 2,
D = 4 supergravity can be obtained from N = 4, D = 5 gauged supergrav-
ity. The supersymmetric extension was considered by Duff, et. al.[5] . The
generalization for higher antisymmetric fields (p-forms) gives some negative
results. Indeed, if we consider the Randall-Sundrum ansatz for the metric
ds2 = e−2kjzjηmndxmjdxn + dz2, (1)
where m, n = 0, 1, ..., d, together with the natural anzatz for a p-form
AM1...Mp(x,z) = AM1...Mp(x), (2)
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For d = 4 (five dimensions), we have p < 1 and only scalar fields (0-form) can
be trapped on the brane. But, a scalar field is dual to a 3-form in five dimen-
sions, which is not localized on the brane if the anzatz (2) is considered. In
consequence, apparently, the Randall-Sundrum mechanism can not explain
the dual equivalence of p-forms. However, Duff and Liu [6] have solved this




)kjzjAm1...mp−1(x) Am1...mp(x,z) = 0. (4)
With this anzatz, the duality between p-form and (D − p − 2)-form in the
bulk implies the duality between (p− 1)-form and (D− (p− 1)− 2)-form on





If d = 4, we see that photons are excluded too. Thus, in five dimensions,
p-forms with p = 0 or/and p > 2 can be trapped on the brane, leaving out
the possibility of bounding photons (1-form) on the brane[6]. These results
are based on the consideration of a second order action for p-forms.
If we try to modify the ansatz (2) and (4) for vectors, including an explicit
dependence with z in the following way: AM = (e
−akjzjAm, 0)[5], then the
resulting action on the brane is those for massive vectors.
In this letter, we will show that there is a way out to include vector
fields in the framework of Randall-Sundrum dimentional reduction, through
the use of an appropiate first order formulation for the Maxwell field, using
a vector fieldAM and a 3-form HMNP . Moreover, we will show that the
self dual action for vector fields in three dimensions can be obtained from an
appropiate first order formulation of massive vector fields in four dimensions.
Let us start with following first order action in five dimensions





where FMN = ∂MAN − ∂NAM . HMNP and AM are independent fields. We
can introduce the dual of HMNP (=
1
2
p−gMNPQRfQR) and (6) becomes
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the usual first order formulation for the Maxwell action. Their equations on
motion are





MNPQR∂NHPQR = 0. (8)
Substituting eq. (7) into action, we obtain the second order Maxwell action.
On the other hand, eq. (8), can be solved (locally)
HMNP = ∂MBNP + ∂NBPM + ∂PBMN (9)
and substituting in the action, it becomes the action for an antisymmetric
field (BMN). In other word, the action (6) show us the dual equivalence
between AM and BMN in five dimensions.
Now, we apply the Randall-Sundrum anzatz for the metric (eq. (1)) and
for the other fields we take
Hmnz(x,z) = e
−2kjzjBmn(x), Hmnp = 0, (10)
in concordance with ansatz (4), and
Am(x,z) = e
−2kjzjAm(x), Az(x,z) = 0. (11)
























Finally, we will derive the self dual action in three dimensions, start-














where fMN = ∂MvN −∂NvM . This is just the action (12) previously obtained
plus a mass term for the vector field vM . Independent variations in BMN and
vM yield the following equations of motion









with the following constraints
DMv
M = 0 DMB
MN = 0. (18)
Integrating out the BMN field (or vM), we obtain the action for a massive
vector field (or massive second rank antisymmetric field Bmn)
Now, we apply the Randall-Sundrum ansatz with the following choice for
the BMN and vM fields.
Bmn(x,z) = e
−kjzjFmn, Bm4(x,z) = 0, (19)
vm(x,z) = am(x), a4(x,z) = 0, (20)
where Fmn = ∂mAn(x) − ∂mAn(x). The ansatz for BMN is a simple extension
















and we can recognize that on the 2-brane appear the master action[7], which
show us the equivalence between the self dual action[4] and the topologi-
cally massive gauge theory[8]. Recently, an explanation of how arise odd-
dimensional self dual actions in the framework of Kaluza-Klein dimentional
reduction was given in ref.[9]
Summarizing, we have seen how photons can be trapped on the brane
using the Randall-Sundrum mechanism. This was achieved through the use
of an appropiate first order formulation for the Maxwell action in five dimen-
sions. Also, we have obtained the self dual action in three dimensions by
performing a Randall-Sundrum dimentional reduction to a first order formu-
lation for massive vectors in four dimensions.
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